19-diol (2) and ent-kauran-16b, 17,19-triol (3) , were isolated (Scheme 1) and tested over their action on the growth of radical and shoot of Lactuca sativa (lettuce). This is the first time these compounds were obtained from this substrate using C. aphidicola. This is also the first report on their allelopathic activity by the best of our knowledge.
Materials And Methods

General
Solvents (hexane, dichloromethane, ethyl acetate, methanol) from VETEC (Brazil), and were of PA grade. Silica gel Merck (Darmstadt, Germany) 70-240 and 230-400 mesh were used for chromatography column and silica gel Merck 60G was used for thin layer chromatography. Reagents to prepare the culture medium were purchased from Difco (Sparks, MD, USA). Melting points were determined with a Kofler hot plate apparatus and are uncorrected. Nuclear Magnetic Resonance (NMR) spectra (1D and 2D) were recorded in CDCl 3 , at room temperature, on a Bruker Avance DRX 400 MHz, from Bruker Analytic, Ettlingen, Germany. Ent-kaur-16-en-19-ol (1) was furnished by Dr. Henriete S. Vieira, Departamento de Química, ICEx, UFMG, Brazil.
Biotransformation
Stock culture of C. aphidicola (CCT 2163) was maintained on PDA under refrigeration and small sections of this agar were transferred to Erlenmeyer flasks containing a liquid medium (200 mL/flask) comprised of: glucose 
Bioassay
Lactuca sativa (cv Grand Rapids) seeds were purchased from Isla Pak, RS, Brazil. All undersized and damaged seeds were discarded. Germination and growth were conducted in 100 mm Petri dishes containing a 9.0 cm sheet of Whatman no. 1 filter paper as suport. Then, 25 lettuce seeds were placed per dish with 10 mL of a test (10 -4 , 10 -6 and 10 -8 M) or a control solution. All All tests were triplicated. Dishes were covered with Parafilm to reduce evaporation and incubated in the dark at 25 o C, in a controlled-environment growth chamber, for 5 days. After this time, number of germinated seeds were counted (a seed was considered to be germinated when the radicle was at least 0.2 mm long), the lengths of radical and shoots were measured (using a pachymeter). During the measurement process, the dishes were kept at 4 o C to avoid subsequent growth. The osmotic pressure values were measured on a microsmometer and ranged between 30 and 38 mOsmolar [15] .
Data Analysis
The effects on germination and growth are given as percent differences from control, and consist of the differences (in cm) between mean values of seeds with tested compounds and mean values for control (seeds grown without addition of tested compounds)/ mean values for control x 100. Thus, zero represents the control, positive values represent stimulation of the studied parameter and negative values represent inhibition.
The data were evaluated using Student's ttests and the differences between the experiment and control were significant at a value of P ≤0.05.
The results obtained for compounds 2 and 3 are shown in Figure 2 .
Results and Discussion
Compounds 2 and 3 were identified by 1D and 2D 1 H and 13 C-NMR as products of mono and di-hydroxylation, respectively, of the original C16-C17 double bond of substrate 1, since in the 1 H-NMR spectrum of both products, the unsaturated exocyclic methylene signals, present on starting material at d H 4.73 and 4.79 were not observed . Also, this spectrum showed the signals for C-19 hydroxymethyl AB system for both products, those of 2 at d 13 C-NMR spectrum and DEPT experiment showed a chemical shift at d C 65.6, of the C-19 oxygenated methylene carbon, from the starting material. Additionally, signals for nine methylene carbons, three methine carbons, and four quaternary carbons (including a new oxygenated carbon at d C 79.3) were observed. In order to carry on a more detailed spectroscopic analysis of the products, bidimensional spectra (HSQC, HMBC and ROESY) were obtained for 2, since they are of special help for complete attribution of terpene compounds [21] . HSQC spectrum showed the correlations between the signal at d Table 1) .
The configuration of C-16 was established by analysis of ROESY spectrum, where the correlation of CH 3 -20 (d H 1.01) with H-14a, at d H 1.57, was observed. Thus, by using HSQC spectrum, the signal of H-14b was located at d H 1.88. No ROESY correlation was observed between H-14b and H-17 (d H 1.35). Also by ROESY spectrum, the signal related to H-11a was found to be d H 1.43, due to its correlation with H-9 (d H 0.99) therefore by HSQC spectrum H-11b (d H 1.48) was located and, as this signal correlates with CH 3 -17 (d H 1.35) in the ROESY spectrum, the later is unequivocally at the aposition (Figure 1 ). Thus, 2 was proposed to be ent-kauran-16b,19-diol. This compound was already isolated as natural product from stems of Aristolochia rodriguesii [22] and leaf and stems of Ozothamnus hookeri (Asteraceae) [23] ; 2 was also obtained by chemical modification of entkaur-16-en-19-oic acid [2] .
NMR spectra of product 3 were not consistent with the presence of a methyl group at C-17, since only a new signal in 1 H-NMR spectrum at d -14) . This spectrum also showed the correlation between the signal at d H 4.03 with the signal at d C 71.8. Since, the signals related to the exocyclic double bond of starting material are not present in the NMR spectra of 3, these signals can be only associated to a hydoxymethyl group at 17 position. Therefore, the signal related to a quaternary carbon, at d C 78.7, was attributed to C-16. The b-hydroxy stereochemistry of C-16 was defined, as for 2, based on a ROESY experiment (Figure 1) [23] , from the fern Lindsaea javanensis, as 19-O-b-D-glucopyranoside [24] and from aerial parts of Bahia glandulosa, as the 19-acyl derivative [25] .
The effect of compounds 2 and 3 on radical and shoot growth of L. sativa, in three different concentrations, was tested and the results are shown in Figure 3 . Both diol and triol inhibited radical growth in all three concentrations, and the best result was observed for compound 2 at the concentration of 10 -4 M. On shoot growth, the effect of the tested compounds was stimulatory at the concentrations of 10 -4 and 10 -6 M. At 10 -8 M, both biotransformation products 2 and 3 inhibited shoot growth. The best growth stimulatory concentration was 10 -6 M. With kaurenol (1), the compound used to provide derivatives 2 and 3, radical and shoot growth were also inhibited at the higher concentration, while stimulation of both occurred at middle concentration [14] .
